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Probabilistic model for steel yield strength retention 
factor at elevated temperatures 
Influence of model choice on structural failure fragility curve for steel columns exposed to fire. 

Abstract: Interest in quantifying the risk and reliability within a 
Performance Based Design approach for application in structural 
fire engineering is increasing. Yet, a well-established and com-
monly accepted set of models to capture uncertainty, especially 
when quantifying material properties at elevated temperatures, 
does not currently exist. The choice of probability distribution for 
material properties that captures scatter in data over a range of 
temperatures can influence the simulated structural response. 
There is also a need to ensure continuity in reliability appraisals 
during transition from normal to elevated temperatures. This re-
search aims to quantify uncertainty in the yield strength of steel at 
elevated temperatures using different modeling approaches and 
investigates the influence of such model choices on the response 
of a steel column during a fire. The model choices are related to a 
collection of experimental data from the literature, and a study of 
the obtained histograms of the yield strength reduction factor for 
elevated temperatures. Model efficiency in capturing the fragility 
curve of failure temperature is discussed and exemplified through 
probabilistic structural fire analysis of steel columns. 
1 Introduction  
7KH VWUXFWXUDO ILUH HQJLQHHULQJ FRPPXQLW\ LV LQFUHDVLQJO\
DGRSWLQJWKHFRQFHSWVRIULVNDQGUHOLDELOLW\WRVXSSRUW3HU
IRUPDQFH %DVHG 'HVLJQ 3%' DSSURDFKHV WR ILUH VDIHW\
7KHDYDLODELOLW\RIZHOOHVWDEOLVKHGSUREDELOLW\GLVWULEXWLRQV
IRUWKHPRGHOLQSXWYDULDEOHVLVFHQWUDOWRWKHDSSOLFDWLRQRI
WKHVH FRQFHSWV ,Q SDUWLFXODU PDWHULDO SURSHUWLHV DW KLJK
WHPSHUDWXUHH[KLELWVLJQLILFDQWYDULDELOLW\DQGLQIOXHQFHWKH
SUHGLFWHG SHUIRUPDQFH RI VWUXFWXUHV LQ ILUH >@ <HW WKHUH
DUHQRFRPPRQO\DFFHSWHGSUREDELOLVWLFGLVWULEXWLRQPRGHOV
IRUTXDQWLI\LQJXQFHUWDLQWLHVLQPDWHULDOSURSHUWLHVLQDILUH
VLWXDWLRQ,QDQDWWHPSWWRILOO WKLVJDS WKLVUHVHDUFKH[DP
LQHVGLIIHUHQWPRGHOOLQJDSSURDFKHVWRTXDQWLI\XQFHUWDLQW\
LQPDWHULDOSURSHUWLHVDWHOHYDWHGWHPSHUDWXUH7KHLVVXHRI
PRGHO FRQWLQXLW\ ZLWK UHOLDELOLW\ DSSURDFKHV DOUHDG\ ZHOO
HVWDEOLVKHG DW DPELHQW WHPSHUDWXUH LV DGGUHVVHG )XUWKHU
PRUH WKH LPSDFWRI WKHPRGHOFKRLFHRQ WKHVWUXFWXUDOILUH
SHUIRUPDQFHLVLQYHVWLJDWHGRQDVWHHOFROXPQYLDWKHGHYHO
RSPHQW RI IUDJLOLW\ FXUYHV D PHWKRG WKDW FDQ HIILFLHQWO\
FKDUDFWHUL]H WKH YXOQHUDELOLW\ RI EXLOGLQJ VWUXFWXUHV WR ILUH
>@7KHUHVHDUFKIRFXVHVRQWKH\LHOGVWUHQJWKRIVWHHORQH
RI WKHPRVWZLGHO\XVHGVWUXFWXUDOPDWHULDOVIRUZKLFKH[
SHULPHQWDOGDWDIURPPXOWLSOHVRXUFHVLVDYDLODEOH+RZHY
HU WKH SURSRVHGPHWKRG FDQ UHDGLO\ EH H[WHQGHG WR RWKHU
SURSHUWLHVDQGPDWHULDOV
2 Description of dataset for yield strength 
7KHGDWDVHWIRUWKH\LHOGVWUHQJWKRIVWHHOWKDWLVXVHGLQWKLV
VWXG\LVEDVHGRQFROOHFWHGGDWDE\WKH1DWLRQDO,QVWLWXWHRI
6WDQGDUGV DQG7HFKQRORJ\ 1,67 >@7KH1,67GDWD FDQ
EH JURXSHG LQWR WKUHH FDWHJRULHV EDVHG RQ WKHLU PHDVXUH
PHQW PHWKRG  VWDWLF  G\QDPLF DQG  XQNQRZQ
3UHYLRXVGLVFXVVLRQVRQWKHPHDVXUHPHQWPHWKRGLQGLFDWHG
WKDW G\QDPLF WHVWLQJ LQ JHQHUDO UHVXOWV LQ XQFRQVHUYDWLYH
SUHGLFWLRQVRI WKHPRGXOXVIRUVWHHO ,QDGGLWLRQ WKHDSSOL
FDWLRQ RI WKLV VWXG\ IRU DQDO\VLV RI VWUXFWXUHV XQGHU ILUH LV
HTXLYDOHQWWRVWDWLFWKHUPDOORDGLQJDQGWKHUHIRUH WKHGDWD
PHDVXUHGE\G\QDPLF WHVWLQJDUHH[FOXGHG IRU WKHSXUSRVH
RIWKLVUHVHDUFK$OVRWKH1,67VWXG\>@VWDWHVWKDWWKHGDWD
LQ FDWHJRULHV ODEHOOHG DV XQNQRZQ DUH ³SUREDEO\ GHULYHG
IURP TXDVLVWDWLF WHQVLOH WHVWV´  7KHUHIRUH WKH GDWDVHW LQ
WKLV VWXG\ LQFOXGHV  RIIVHW \LHOG VWUHQJWK IURP 
VRXUFHVREWDLQHGLQKLJKWHPSHUDWXUHWHQVLOHWHVWVDQGIURP
³VWDWLF´ RU ³XQNQRZQ´PHDVXUHPHQW FDWHJRULHV $ WRWDO RI
 GDWD SRLQWV FRYHULQJ D WHPSHUDWXUH UDQJH RI & WR
&LVXVHGWRSHUIRUPVWDWLVWLFDODQDO\VLVDQGTXDQWLI\
XQFHUWDLQW\RIVWHHO\LHOGVWUHQJWKDWHOHYDWHGWHPSHUDWXUHV
<LHOGVWUHQJWKRIVWHHOLVJHQHUDOO\PHDVXUHGDWRIIVHW
DQG WKH PDMRULW\ RI WKLV SDSHU IRFXVHV RQ WKH VWUHQJWK DW
 RIIVHW +RZHYHU WKH (XURFRGH (& PRGHO >@
SURYLGHVWKH\LHOGVWUHQJWKDWDVWUDLQHTXDOWRZKLFKDW
ORZHU WHPSHUDWXUHV LQFOXGHV VWUDLQKDUGHQLQJ HIIHFW 6XFK
DQHIIHFWLVOHVVVLJQLILFDQWDWKLJKHUWHPSHUDWXUHVZKHUHWKH
IDLOXUH RI VWHHO VWUXFWXUHV DUH PRUH W\SLFDOO\ H[SHFWHG WR
RFFXU 6HFWLRQV  DQG  SURYLGH D FRPSDULVRQ RI UHVXOWV
ZKHQ XVLQJ  YV  RIIVHW PRGHOV 7KH 1,67 VWXG\
SURYLGHV D VLPLODU GDWDVHW DV GLVFXVVHG DERYH IRU \LHOG
VWUHQJWKDWRIIVHW
3 Statistical analysis of the dataset 
7KHGDWDSRLQWV IRU WKH VWHHO\LHOG VWUHQJWK UHWHQWLRQ IDFWRU
!"# DW DPELHQW DQG HOHYDWHG WHPSHUDWXUHV DUH YLVXDOL]HG DV
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SDUWRI)LJDQG)LJIRUWKHRIIVHWDQGLQ)LJIRU
WKHRIIVHW,QWKHIROORZLQJVXEVHWVRIWKHGDWDDUHFRQ
VLGHUHGLQDQDWWHPSWWRDQDO\VHWKHVWRFKDVWLFQDWXUHRI!"#
DWDJLYHQWHPSHUDWXUHș&
3.1 Ambient temperature  
$W DPELHQW WHPSHUDWXUH FRQYHQWLRQDOO\ VHW DW & WKH
YDULDELOLW\RI!"#LVOLPLWHGDVFDQEHREVHUYHG±SDUWLDOO\±
LQ)LJV  DQG$SDUW IURPD OLPLWHG QXPEHU RI RXWOLHUV
PRVWRI WKHGDWDSRLQWVDUHYHU\FORVH WRXQLW\ GDWD
SRLQWVKDYHDFWXDOO\EHHQUHSRUWHGDV,W LVK\SRWKHVL]HG
WKDW WKH REWDLQHG YDULDELOLW\ DW & IRU WKH  RIIVHW
UHVXOWV IURP YHU\ OLPLWHG LQWUDEDWFK YDULDELOLW\ WRJHWKHU
ZLWKOLPLWHGLQWHUEDWFKYDULDELOLW\UHVXOWLQJIURPWKHGLIIHU
HQW PHDVXUHPHQW VRXUFHV 7KLV YDULDELOLW\ LV FRQVLGHUHG
LQFRUSRUDWHG LQ WKH QRUPDO GHVLJQ VWRFKDVWLF QDWXUH RI WKH
\LHOGVWUHQJWK"#DVGHVFULEHGLQ>@$VVXFK!"#DWDPELHQW
WHPSHUDWXUHVLVGHWHUPLQLVWLFDOO\VHWHTXDOWRXQLW\7KLVLVD
GHVLUHG IHDWXUH DV WKLV HQVXUHV WKH FRQWLQXLW\ RI UHOLDELOLW\
LH IDLOXUH SUREDELOLW\ HYDOXDWLRQ EHWZHHQ DPELHQW DQG
VWUXFWXUDOILUHGHVLJQ
&RQVLGHULQJ WKH RIIVHW ZKHUH WKHPHDVXUHGRIIVHW
\LHOGVWUHVVLVQRUPDOL]HGDJDLQVWWKH&OLVWHG\LHOG
VWUHQJWKD ODUJHUYDULDELOLW\DW& LVREVHUYHGZLWKYDO
XHV H[FHHGLQJ XQLW\ 7KLV LV FRQVLGHUHG WR UHVXOW IURP D
VWUDLQKDUGHQLQJHIIHFWDWDPELHQWWHPSHUDWXUHV7KLVHIIHFW
LV JHQHUDOO\ QRW FRQVLGHUHG LQ DPELHQW UHOLDELOLW\ FDOFXOD
WLRQVDQGDVFRPSDWLELOLW\ZLWKFXUUHQWDVVHVVPHQWVLVHQYLV
DJHGWKHRIIVHWPRGHOLVQRWGLVFXVVHGLQGHWDLOKHUH
3.2 Elevated temperatures  
&RQVLGHULQJ WKH DERYH WKH  RIIVHW GDWD DW HOHYDWHG
WHPSHUDWXUHV LV IXUWKHU FRQVLGHUHG LQ GHWDLO +RZHYHU DW
HOHYDWHG WHPSHUDWXUHV VWHHO H[KLELWV LQFUHDVHGGXFWLOLW\ DQG
WKH VWUDLQKDUGHQLQJ HIIHFW GLVDSSHDUV >@ $V VXFK LW LV
WHQWDWLYHO\ VXJJHVWHG WKDW IRU VWUXFWXUDO ILUH DVVHVVPHQWV D
WUDQVLWLRQVKRXOGEHPDGHEHWZHHQWKHRIIVHWGDWDVHWDW
DPELHQWWHPSHUDWXUHVDQGDIRUH[DPSOHRIIVHWGDWDVHW
DW HOHYDWHG WHPSHUDWXUHV 7KLV ZLOO EH IXUWKHU DVVHVVHG LQ
IROORZXS UHVHDUFK ,Q RUGHU WR HYDOXDWH WKH LPSRUWDQFH RI
WKHGLVWLQFWLRQYHUVXVRIIVHW DW HOHYDWHG WHPSHUD
WXUHVERWKDUHFRPSDUHGIXUWKHULQ6HFWLRQVDQG
2EVHUYHGKLVWRJUDPVIRUWKHRIIVHWGDWDDUHYLVXDOL]HG
IRUVSHFLILFWHPSHUDWXUHVLQ)LJWRJHWKHUZLWKDQDSSUR[
LPDWHORJQRUPDO/1DQG%HWD%GLVWULEXWLRQ7KH%HWD
GLVWULEXWLRQKDVSDUDPHWHUVDOSKDDQGEHWDHTXDOWRLPSO\
LQJ LW LV ERXQGHG E\  WLPHV LWV VWDQGDUG GHYLDWLRQ DQG LV
V\PPHWULFDO DURXQG WKH PHDQ YDOXH DSSUR[LPDWLQJ WKH
VKDSHRIDQRUPDOGLVWULEXWLRQZLWKRXWLQWURGXFLQJWKHWKHR
UHWLFDOSRVVLELOLW\RIQHJDWLYHRUYHU\ ODUJHSRVLWLYHYDOXHV
7KH SDUDPHWHUV RI WKH/1 DUH HVWLPDWHG E\ WKHPHWKRG RI
PRPHQWV IURP WKH REVHUYHG GDWD ZKLOH WKH SDUDPHWHUV RI
WKH%FRUUHVSRQGZLWKWKHPRGHOOLVWHGIXUWKHULQ7DEOH
:KLOHQHLWKHUPRGHOJLYHVDSHUIHFWPDWFKZLWKWKHWHPSHU
DWXUHVSHFLILFGDWDVHWV WKHPRGHOV UHVXOW LQ UHDVRQDEOHDQG
JHQHUDOO\FRQVHUYDWLYHDSSUR[LPDWLRQV
 

Fig 1 PDF of steel yield strength retention factor for 0.2% offset yield strength data 
at (a) 200 °C (N = 31), and (b) 600 °C (N = 37), with respect to Lognormal and 
Beta44 distributions
4 Modeling the uncertainty  
%DVHGRQWKHVWDWLVWLFDODQDO\VLVRIGDWDGLVFXVVHGLQ6HFWLRQ
 WZRPRGHOV DUH SURSRVHG WR TXDQWLI\ WKH XQFHUWDLQW\ LQ
 RIIVHW \LHOG VWUHQJWK GDWD 7KH ILUVW PRGHO XVHV WKH
ORJQRUPDOGLVWULEXWLRQZLWKSDUDPHWHUVȝ$%DQGı$%DVVKRZQ
LQ7DEOH7KLVPRGHO KDV EHHQGHULYHG DV IROORZV)LUVW
WKHGDWDVHWDWGLIIHUHQWWHPSHUDWXUHVUDQJLQJIURP&WR
 & LV XVHG WR ILQG SDUDPHWHUV RI D ORJQRUPDO ILW IRU
WKH FRUUHVSRQGLQJ WHPSHUDWXUH (QRXJK GDWDSRLQWV ZHUH
DYDLODEOHWRIRUPWHPSHUDWXUHJURXSV7KHQDSRO\QRPLDO
UHJUHVVLRQLVXVHGWRILQGWKHEHVWILWIRUSDUDPHWHUVȝ$%DQG
ı$%DFURVVWKHZKROHWHPSHUDWXUHUDQJHXQGHUVWXG\7KH5
YDOXHVIRUȝ$%DQGı$%ILWVDUHDQGUHVSHFWLYHO\7KH
GDWDSRLQWVIRUı$%FRQWDLQWZRRXWOLHUVDW&DQG&
%HWZHHQ&DQG&WKHPRGHODVVXPHV!"#GHWHUPLQ
LVWLFDOO\HTXDOWRXQLW\DVVKRZQLQ)LJXUH
$GLIIHUHQWDSSURDFKLVWDNHQWRIRUPXODWHWKHVHFRQGSURE
DELOLVWLFPRGHO XVLQJ%HWD GLVWULEXWLRQZLWK VKDSHSDUDPH
WHUV Į  DQG ȕ  UHIHUUHG WR DV %HDW LQ 7DEOH  7KH
VDPHWHPSHUDWXUHJURXSVDVWKHORJQRUPDOGLVWULEXWLRQ
KDYH EHHQ XVHG WR TXDOLWDWLYHO\ LGHQWLI\ D OLQHDU WUHQG LQ
PHDQ DQG &29 IRU GLIIHUHQW WHPSHUDWXUH LQWHUYDOV 7KH
SURSRVDOPHDQDQG&29YDOXHVZLWKOLQHDULQWHUSRODWLRQLQ
EHWZHHQDVOLVWHGLQ7DEOHDQGSORWWHGLQ)LJXUHFORVHO\
IROORZ WKH GDWDVHW 7KH H[FHSWLRQ LV DJDLQ WZR RXWOLHUV RI
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&29GDWDDW&DQG&ZKHUH WKH&29LQ WKHGD
WDVHW LV VLJQLILFDQWO\ ORZHU WKDQPRGHOOHG &29 LQ WKHGD
WDVHW DSSUR[LPDWHO\  7KH PRGHO DVVXPHV D PHDQ RI
DQGFRHIILFLHQWRIYDULDWLRQ&29RIDW&DQG
WKXVDOVRUHVXOWVLQ!"#HTXDOWRXQLW\DW&HQVXULQJFRP
SDWLELOLW\ZLWKDPELHQWGHVLJQUHOLDELOLW\FDOFXODWLRQV
,QDGGLWLRQWRWKHWZRPRGHOVGLVFXVVHGDERYHDWKLUGPRG
HOEDVHGRQRIIVHW\LHOGVWUHQJWKGDWDLVFRQVLGHUHGDQG
FRPSDUHG ZLWK WKH (& UHWHQWLRQ IDFWRUV ݇௬ǡఏ DW HOHYDWHG
WHPSHUDWXUHV >@ ,Q WKLV FDVH WKH SUREDELOLVWLF PRGHO LV
GHYHORSHGE\EXLOGLQJRQDGHWHUPLQLVWLFPRGHOLH(&
ZLWKPRGHOFRUUHFWLRQWHUPVFDOLEUDWHGXVLQJREVHUYHGGDWD
7KH SUREDELOLVWLF PRGHO KDV D ORJLVWLF IRUP DV VKRZQ LQ
7DEOHDQG)LJXUHZLWKXQNQRZQSDUDPHWHUVFDOFXODWHG
XVLQJ D %D\HVLDQ XSGDWLQJ UXOH 7KH PRGHO HUURU İ
ZKHUH&İLVWKHVWDQGDUGQRUPDOGLVWULEXWLRQLVFDOFXODWHGIRU
WKH UHPDLQLQJ LQDFFXUDF\ PDQLIHVWHG LQ WKH VFDWWHU RI WKH
UHVLGXDOV)XUWKHUGHWDLOVDUHSURYLGHGLQ>@
Table 1 Description of the considered probabilistic models for steel yield strength 
retention factor at elevated temperatures  
Model Model description 
LN For ܶ ൑ ͳͲͲιܥ 
    ρ௟௡ ൌ Ͳ, ߪ௟௡ ൌ Ͳ 
 
For ܶ ൐ ͳͲͲιܥ 
     ρ௟௡ ൌ െͶ ൈ ͳͲି଺ ൈ ଶ ൅ ͲǤͻ ൈ ͳͲିଷ ൈ  െ ͸ͳǤ͸ ൈ ͳͲିଷ 
     ߪ௟௡ ൌ Ͷ ൈ ͳͲିଷ ൈ ܶ ൅ Ͷ͵Ǥ͹ ൈ ͳͲିଷ 
Beta44 
 
T [°C]          Mean 
20               1.00 
550             0.60 
700             0.21 
1100           0.00 
 
 
 
T [°C]         COV 
20               0.00 
150             0.07 
300             0.10 
550             0.15 
850             0.40 
1100           0.40 
Logistic ܨ௬ܨ௬ǡଶ଴ ൌ ͳǤ͹ ൈ ݁ൣ௥೗೚೒೔೟ା଴Ǥସଵଶି଴Ǥ଼ଵൈଵ଴షయൈ்ା଴Ǥହ଼ൈଵ଴షలൈ்భǤవା଴Ǥସଷൈఌ൧ͳ ൅ ݁ൣ௥೗೚೒೔೟ା଴Ǥସଵଶି଴Ǥ଼ଵൈଵ଴షయൈ்ା଴Ǥହ଼ൈଵ଴షలൈ்భǤవା଴Ǥସଷൈఌ൧ 
ZLWKݎ௟௢௚௜௧ ൌ ݈݊ ൫௞೤ǡഇାଵ଴షల൯ ଵǤ଻Τଵି൫௞೤ǡഇାଵ଴షల൯ ଵǤ଻Τ  


Fig 2 The proposed lognormal distribution for steel yield strength retention factor 
with respect to 0.2% offset yield strength data 

Fig 3 The proposed Beta distribution for steel yield strength retention factor with 
respect to 0.2% offset yield strength data  
 
Fig 4 The proposed logistic model for steel yield strength retention factor with 
respect to 2% offset yield strength data 
)LJXUH  VKRZV D FRPSDULVRQ RI VWHHO UHWHQWLRQ IDFWRUV DW
 DQG  & ZLWK GLVWULEXWLRQV IURP WKH WKUHHPRGHOV
GLVFXVVHG DERYH DQG OLVWHG LQ 7DEOH  7KH ORJLVWLFPRGHO
ZLWKRIIVHW\LHOGVWUHQJWKGDWDWDNHVWKHVWUDLQKDUGHQLQJ
HIIHFW LQWRDFFRXQW,W LVFOHDU LQ WKHILJXUHWKDWVXFKDQHI
IHFW PDNHV D VLJQLILFDQW GLIIHUHQFH DW ORZHU WHPSHUDWXUHV
EXW DW KLJK WHPSHUDWXUHV ZKHUH IDLOXUH LQ D ILUH HYHQW LV
W\SLFDOO\PRUH OLNHO\ WKH WKUHHPRGHOVKDYH VLPLODU GLVWUL
EXWLRQV

Fig 5 Comparison of three models at 400 and 750 °C
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5 Influence of model choice on structural failure 
fragility curve 
7KHFRQVLGHUHGSUREDELOLVWLFPRGHOVIRUVWHHO\LHOGVWUHQJWK
UHWHQWLRQIDFWRUDWHOHYDWHGWHPSHUDWXUHVDUHXVHGLQDVLQJOH
HOHPHQWFROXPQH[DPSOHLQRUGHU WR LQYHVWLJDWH WKHLPSDFW
RI PRGHO FKRLFH RQ WKH VWUXFWXUDO IDLOXUH IUDJLOLW\ FXUYH
7KLV VWXG\ DVVXPHV WKH DSSOLHG ORDG RQ WKH FROXPQ DQG
JHRPHWULFSURSHUWLHVRI WKHFROXPQKDYHGHWHUPLQLVWLFYDO
XHV ZLWK RQO\ WKH \LHOG VWUHQJWK UHGXFWLRQ IDFWRU !"# DQG
DPELHQW&VWHHO\LHOGVWUHQJWK"#RIWKHFROXPQKDYLQJ
YDULDELOLW\)RU!"# WKHPRGHOVLQWURGXFHGDERYHDUHFRQVLG
HUHGZKLOH WKHXQFHUWDLQW\IRUPDWHULDOVWUHQJWKDWDPELHQW
WHPSHUDWXUH LV PRGHOOHG EDVHG XSRQ UHFRPPHQGDWLRQV E\
+ROLFN\ DQG 6\NRUD >@ ZLWK PHDQ RI FKDUDFWHULVWLF \LHOG
VWUHQJWKSOXVWZRVWDQGDUGGHYLDWLRQDQG&29RI7KH
FROXPQ VHFWLRQ XVHG LV D:[ZLWK D KHLJKW RI 
PHWHUVDQGLVDVVXPHGWREHSLQQHGSLQQHGIRUWKHSXUSRVH
RI WKLVFDVHVWXG\7KHVHOHFWHGPHPEHU LVEDVHGRQDFWXDO
SHULPHWHU FROXPQ VL]HV IURP WKH2QH0HULGLDQ3OD]D VWHHO
VWUXFWXUDO IUDPH ZKLFK VXIIHUHG D ILUH LQ  $Q D[LDO
ORDGHTXDOWRRIWKH$,6&>@GHVLJQ\LHOGLQJIRUFH
LV DSSOLHG WR WKH WRS RI WKH FROXPQ LQ WKLV FDVH HTXDO WR
ā"#!ā'(ZLWK "#! WKH FKDUDFWHULVWLF \LHOG VWUHQJWK DQG'(
WKH VHFWLRQ DUHD 7KH FKDUDFWHULVWLF YDOXH RI VWHHO \LHOG
VWUHQJWKLV03D7KHSURYLVLRQVLQ(&>@DUHXVHGWR
VROYH IRU WKH FDSDFLW\RI WKHFROXPQDV D IXQFWLRQRI WHP
SHUDWXUHDVVKRZQLQ(TDIZKHUH߯௙௜ LV WKHUHGXFWLRQ
IDFWRU IRU IOH[XUDO EXFNOLQJ DW HOHYDWHG WHPSHUDWXUHV ݇௬ǡఏ
DQG݇ாǡఏDUHUHGXFWLRQIDFWRUVIRU\LHOGVWUHQJWKDQGPRGXOXV RI HODVWLFLW\ DW HOHYDWHG WHPSHUDWXUHV'& ) DQG& *+, DUH
WKHDUHDPRPHQWRILQHUWLDDQGHIIHFWLYHOHQJWKRIWKHFRO
XPQߛெǡ௙௜LVWKHSDUWLDOIDFWRUIRUPDWHULDOSURSHUW\WDNHQDV
 IRU SURSHUWLHV RI VWHHO DQG ILQDOO\ ߣҧ LV WKH QRQ
GLPHQVLRQDOFROXPQVOHQGHUQHVVDWQRUPDOWHPSHUDWXUH7KH
FROXPQEHKDYLRULVTXDQWLILHGXVLQJWKHFULWLFDOIDLOXUHWHP
SHUDWXUH JLYHQ WKH GHPDQG RQ WKH FROXPQ $V VXFK WKH
HYDOXDWLRQ LV LQSULQFLSOHQRWGHSHQGHQWRQ WKH W\SHRI ILUH
H[SRVXUH LH VWDQGDUG ILUH H[SRVXUH YV SDUDPHWULF ILUH
H[SRVXUH'HWHUPLQLVWLFDQDO\VLVSURYLGHVDIDLOXUHWHPSHU
DWXUHRI&
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&RQVLGHULQJWKHGLIIHUHQWVWRFKDVWLFPRGHOVIRU!"#GHVFULEHG
HDUOLHU WKH IDLOXUH WHPSHUDWXUH RI WKH FROXPQ LV DOVR VWR
FKDVWLFDQGGHILQHVDIUDJLOLW\FXUYHIRUWKHFROXPQ$0RQ
WH &DUOR DQDO\VLV RI  VLPXODWLRQV LV XVHG WR HYDOXDWH
WKLV IUDJLOLW\ FXUYH IRU HDFK RI WKH !"#PRGHOV GHVFULEHG LQ
6HFWLRQ7KH VDPH VLQJOH YHFWRURI UDQGRPQXPEHUVGH
ILQHV WKHUHDOL]DWLRQVIRU WKH\LHOGVWUHQJWKUHGXFWLRQIDFWRU
DQGVWHHO\LHOGVWUHQJWKLQHDFKPRGHO7KLVHQVXUHVWKDWWKH
0RQWH&DUORJHQHUDWHGTXDQWLOHVRIWKH\LHOGVWUHQJWKUHGXF
WLRQIDFWRUDUHWKHVDPHIRUHDFKPRGHODQGRQO\WKHGLVWUL
EXWLRQYDULHVEHWZHHQFDVHV,WVKRXOGEHQRWHGWKDWߙDQGߣҧ
LQ(TVGDQGHDUHDOVRDIXQFWLRQRI\LHOGVWUHQJWKDW
DPELHQW WHPSHUDWXUH 7KH UDQGRPQHVV LQ \LHOG VWUHQJWK DW
&LVWKXVFRQVLGHUHGLQFDOFXODWLQJߙDQGߣҧ
)UDJLOLW\FXUYHVFDOFXODWHGIURPHDFKFRQVLGHUHGPRGHODUH
VKRZQ LQ )LJ  7KH UHVXOWV VKRZ WKDW WKH ORJQRUPDO DQG
%HWD GLVWULEXWLRQV KDYH VLPLODU PHGLDQ IDLOXUH WHPSHUD
WXUHRI&ZLWK WKH ORJLVWLFPRGHOKDYLQJDPHGLDQRI
& *RLQJ EDFN WR WKH GLVFXVVLRQ IURP )LJXUH  WKH
HIIHFW RI VWUDLQKDUGHQLQJ DW KLJKHU WHPSHUDWXUHV LV OHVV
VLJQLILFDQW DW HOHYDWHG WHPSHUDWXUHV 7KH ORJQRUPDO DQG
ORJLVWLF PRGHOV SURYLGH VLPLODU UHVXOWV ZKLOH WKH UHVXOWV
EDVHG RQ WKH %HWD PRGHO KDV D QDUURZHU WHPSHUDWXUH
UDQJHIRUWKHIUDJLOLW\FXUYH
 
Fig 6 Fragility curve for the steel column case study with different models for steel 
yield strength retention factor  
9LVXDOL]LQJWKHUHVXOWVRI)LJXVLQJDORJDULWKPLFD[LVIRU
WKH IDLOXUH SHUFHQWDJH WKH GLIIHUHQFH EHWZHHQ WKH ORJQRU
PDOORJLVWLF PRGHOV DQG WKH %HWD PRGHO LV HPSKDVL]HG LQ
)LJ  ,QWHUHVWLQJO\ WKH %HWD LV PRUH RSWLPLVWLF DW ORZ
TXDQWLOHVLHSUHGLFWLQJKLJKHUIDLOXUHWHPSHUDWXUHEXWWKH
GLIIHUHQFH LV VPDOOHU DW KLJKHUTXDQWLOHV7KHGLIIHUHQFH LQ
IDLOXUH WHPSHUDWXUH LV DERXW & DQG & DW  DQG 
TXDQWLOHVUHVSHFWLYHO\FRQVLGHUHG WREHDQ LPSRUWDQW UDQJH
IRUIDLOXUHSUREDELOLWLHVLQVWUXFWXUDOILUHVDIHW\GHVLJQ,Q>@
IRU H[DPSOH RSWLPXP IDLOXUH SUREDELOLWLHV IRU LQVXODWHG
VWHHOEHDPVZHUHFDOFXODWHGWREHLQWKLVUHJLRQFRQVLGHULQJ
IDLOXUH FRQVHTXHQFHV DVVXPHG UHSUHVHQWDWLYH IRU RIILFH
EXLOGLQJVLQWKH8.
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Fig 7 Fragility curve for the steel column case study with different models for steel 
yield strength retention factor – logarithmic axis percentage failure 
*RLQJEDFNWR)LJXUHVLWFDQEHDUJXHGWKDWDOOWKHWKUHH
LQYHVWLJDWHGPRGHOV UHVXOW LQ VLPLODU UHVXOWV DW KLJKHU WHP
SHUDWXUHV ZKLFK LV LQOLQH ZLWK WKH IDLOXUH WHPSHUDWXUH LQ
WKLV FDVH VWXG\ )RU VLWXDWLRQV ZLWK IDLOXUH WHPSHUDWXUHV
EHORZ&GLIIHUHQFHV LQIUDJLOLW\FXUYHV UHVXOWLQJ IURP
WKHGLIIHUHQWPRGHOVDUHH[SHFWHGWREHPRUHSURQRXQFHG
&RQVLGHULQJWKHDERYHWKHHYDOXDWLRQVLQ)LJDQGVXJ
JHVWV WKDW DW KLJK WHPSHUDWXUHV WKH GLVWLQFWLRQ EHWZHHQ !"#
GHWHUPLQHG EDVHG RQ D  RIIVHW DQG D  RIIVHW ± DV
GLVFXVVHGLQ6HFWLRQ±PD\EHRIOHVVHULPSRUWDQFH6LQFH
DOVR WKH GLIIHUHQFH LQ IDLOXUH WHPSHUDWXUH EHWZHHQ WKH %H
WDDQG/1PRGHOVLVOLPLWHGWRDSSUR[LPDWHO\&LWLV
WHQWDWLYHO\ FRQFOXGHG WKDW WKH SUDFWLFDO HIIHFW RI PRGHO
FKRLFHPD\EHOLPLWHG7KLVK\SRWKHVLVZLOOEHIXUWKHUYDOL
GDWHG WKURXJK DGGLWLRQDO DVVHVVPHQWV DQG FDVH VWXGLHV LQ
IROORZXSUHVHDUFK
6 Conclusions 
&XUUHQWO\ WKHUH DUH QR FRPPRQO\ DFFHSWHG SUREDELOLVWLF
GLVWULEXWLRQPRGHOVIRUTXDQWLI\LQJXQFHUWDLQWLHVLQPDWHULDO
SURSHUWLHVDWHOHYDWHGWHPSHUDWXUHV7KLVSDSHULQYHVWLJDWHG
WKH XQFHUWDLQW\ LQ WKH \LHOG VWUHQJWK RI VWHHO DW HOHYDWHG
WHPSHUDWXUHV XVLQJ GLIIHUHQW PRGHOLQJ DSSURDFKHV DQG
VWXGLHGWKHLQIOXHQFHRIVXFKPRGHOFKRLFHVRQIDLOXUHWHP
SHUDWXUH RI D VWHHO FROXPQ $ VHW RI GDWD IRU VWHHO \LHOG
VWUHQJWKUHWHQWLRQIDFWRUZDVXVHGWRJHQHUDWHWKUHHPRGHOV
QDPHO\ ORJQRUPDO DQG %HWD IRU  RIIVHW \LHOG
VWUHQJWK DQG ORJLVWLF IRURIIVHW \LHOG VWUHQJWK$WKLJK
WHPSHUDWXUHV DERYH  & WKH WKUHH PRGHOV KDYH
VLPLODU GLVWULEXWLRQV ZKLOH WKH ORJLVWLF PRGHO WDNHV WKH
VWUDLQKDUGHQLQJHIIHFW LQWRDFFRXQWZKLFKLVPRUHVLJQLIL
FDQWDWORZHUWHPSHUDWXUHV
$FDVHVWXG\RIDVWHHOFROXPQZDVWKHQXVHGWRLQYHVWLJDWH
WKH HIIHFW RI PRGHO FKRLFH RQ IDLOXUH WHPSHUDWXUH RI WKH
FROXPQ7KHXQFHUWDLQW\LQ\LHOGVWUHQJWKDW&ZDVVHSD
UDWHO\ LQFOXGHG LQ WKH DQDO\VLV ,W ZDV FRQFOXGHG WKDW WKH
ORJQRUPDO DQG ORJLVWLF PRGHOV SURYLGHG VLPLODU UHVXOWV
ZKLOHWKHUHVXOWVEDVHGRQWKH%HWDPRGHOKDGDQDUURZHU
WHPSHUDWXUH UDQJH 7KH GLIIHUHQFH LQ IDLOXUH WHPSHUDWXUH
EHWZHHQGLIIHUHQWPRGHOVZDVVPDOO LQ WKHRUGHURI&
DWTXDQWLOHVZKLFKLVFRQVLGHUHGWREHDQLPSRUWDQW
UDQJH RI IDLOXUH SUREDELOLWLHV IRU VWUXFWXUDO ILUH GHVLJQ $
UDQJHRIFDVHVWXGLHVZLWKYDULDWLRQ LQ WKHUDQJHRIIDLOXUH
WHPSHUDWXUH LV QHHGHG LQ IXWXUH VWXGLHV WR JHQHUDOL]H WKH
FRQFOXVLRQVRIWKLVVWXG\
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